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THE BRANCH POINT AND COURSE OF THE MOTOR BRANCH OF THE 
NERVE TO VASTUS MEDIALIS 
AMR MOHAMED ALY ELMANSOURY 
ABSTRACT 
     Study Objective: To investigate the exit point of the motor branch of the nerve to 
vastus medialis (mNVM) from the posterior division of the femoral nerve. An enhanced 
understanding of the origin and course of the mNVM will minimize the risk of 
anesthetizing it when performing a local anesthetic adductor canal nerve block for 
postoperative analgesia following total knee arthroplasty. 
 Methods: Anatomical donors, obtained through generous donation to the Anatomical 
Gift Program at Boston University School of Medicine (BUSM), were used in this study. 
Dissection of the mNVM was performed in 22 body donors (44 lower limbs). Before the 
dissection, the thigh length, from the anterior superior iliac spine (ASIS) to the base of 
the patella was measured. Additionally, following the dissection, the distance from the 
exit point of the mNVM to the base of the patella was measured. Then, the ratio between 
the two distances was calculated to provide a straightforward and efficient estimate of the 
mNVM branch point. 
 Summary of results: The mean ± SD thigh length in the 44 lower limbs was 43 cm ± 
2.9cm. The mNVM exited the posterior division of the femoral nerve 19.2 cm ± 1.90 cm 
superior to the base of the patella. The exit point of the mNVM from the posterior 
division of the femoral nerve was 0.56 ± 0.04 of the distance from the ASIS to the patella 
base.  Pearson correlation was performed in order to examine the relationship between 
  vi 
the distance of mNVM from the base of the patella to the total length of the thigh in the 
44 limbs. This relationship was significant with P = 0.003. 
The One-Way Anova revealed no significant difference between male and female body 
donors in the ratio of the exit point of the mNVM relative to the length of the thigh.   
Conclusion: The mNVM emerges from the posterior division of the femoral nerve at 
0.56 ± 0.04 of the thigh lengths as measured from the ASIS to the base of the patella. 
This finding provides clinicians with a practical and useful guide for determining the 
injection point for an adductor canal nerve block, a procedure utilized for postoperative 
analgesia following total knee arthroplasty. Protecting the mNVM during the block will 
avoid weakening the vastus medialis muscle and may result in greater patient 
participation in postoperative physical therapy, safer gait and may reduce the risk of falls. 
  
  vii 
TABLE OF CONTENTS 
 
TITLE……………………………………………………………………………………...i 
COPYRIGHT PAGE……………………………………………………………………...ii 
READER APPROVAL PAGE…………………………………………………………..iii 
ACKNOWLEDGMENTS ................................................................................................. iv 
ABSTRACT ........................................................................................................................ v 
TABLE OF CONTENTS .................................................................................................. vii 
LIST OF TABLES ........................................................................................................... viii 
LIST OF FIGURES ............................................................................................................ x 
LIST OF ABBREVIATIONS .......................................................................................... xiii 
INTRODUCTION .............................................................................................................. 1 
METHODS ....................................................................................................................... 18 
RESULTS ......................................................................................................................... 31 
DISCUSSION ................................................................................................................... 32 
LIST OF JOURNAL ABBREVIATIONS………………………………………………37 
 
REFERENCES ................................................................................................................. 38 
CURRICULUM VITAE ................................................................................................... 42 
 
                                                                  
  viii 
                                                                
 
                                                        LIST OF TABLES     
 
 
         
Table Title Page 
1 The data of the 44 limbs together (males, females), 
measure of the mean, standard deviation, the ratio of the 
Right, left NVM length to the total length of the cadaver 
thighs 
22 
2 The data of the 18 limbs (males), measure of the mean, 
standard deviation, the ratio of the Right, left NVM length 
to the total length of the cadaver thighs 
23 
3 The data of the 26 limbs together (females), measure of 
the mean, standard deviation, the ratio of the Right, left 
NVM length to the total length of the cadaver thighs 
24 
4 The Descriptive statistics of the ratio of the Length of 
mNVM from the anterior superior iliac spine between 
males, females 
25 
5 One-way anova of the ratio of the Length of mNVM from 
the Anterior superior iliac spine between males, females 
 
26 
6 The Descriptive statistics of the thigh length between 
males and females 
27 
  ix 
7 The One Way Anova of the thigh length between males 
and females 
27 
8 comparing the mean and standard deviation of both Rt, Lt 
whole length of the thigh and Rt, Lt mNVM length from 
base of patella 
29 
9 9 The Descriptive statistics between the total length of the 
thigh and the length of mNVM from base of patella on 
both sides 
30 
10 The correlation between the total length of the thigh and 
the length of mNVM from base of patella on both sides 
30 
   
  
  x 
LIST OF FIGURES 
 
 
 
Figure Title Page 
1 Frequency map of the innervation of the anterior knee 
joint. A, Lateral view. B, Anterior view. C, Medial view. 
 
2 
2 2a the contents of the femoral triangle including the 
femoral nerve, femoral vessels and deep inguinal lymph 
nodes. Figure 2b the boundary of the femoral triangle 
medially the medial border of adductor longus, the medial 
border of sartorius laterally, the floor by pectinus and 
iliopsoas muscles and the apex by the crossing the 
sartorius over adductor longus 
 
3 
3 The adductor canal boundary the anteromedial border is 
the sartorius muscle, the lateral border is the vastus 
medialis muscle, the floor are the adductor longus and 
adductor magnus muscles, it contains the femoral vessels 
and the saphenous nerve, nerve to vastus medialis 
4 
4 The solid line drawn between the anterior superior iliac 
spine and the base of the patella is helpful in detecting the 
5 
  xi 
adductor canal site. 4a is the anterior view, 4b is the 
lateral view of the thigh 
5 The vastoadductor membrane (fibrous roof) and the 
subsartorial nerve plexus are separated from the adductor 
canal with its contents (the femoral vessels, the saphenous 
nerve and the nerve to vastus medialis) 
6 
6 The femoral nerve and its divisions including articular 
branches, motor branches and sensory branches 
7 
7 The femoral nerve and its divisions including articular 
branches, motor branches and sensory branches 
7 
8 The branch point of nerve to vastus medialis and its motor 
branch to the vastus medialis (mNVM), sensory branch 
(sNVM) runs with the saphenous nerve in the adductor 
canal 
8 
9 The vastus medialis which is the red part in the drawing is 
considered a part of the quadriceps muscle group 
9 
10 Vastus medialis location and its two functional parts, the 
yellow arrow indicate the nerve to vastus medialis 
branches is supplying the VML and the red one is 
supplying the VMO, P is the patella 
9 
11 The osteoarthritic knee before and after total knee joint 
replacement 
10 
  xii 
12 The distance between the anterior superior iliac spine 
(ASIS) and the base of the patella in the right thigh of a 
cadaver using measuring tap (Anatomy Laboratory) 
19 
13 Motor Branch of the NVM (mNVM) at its branching 
point to the vastus medialis muscle (VM) of the left 
cadaver thigh. (Anatomy Laboratory) 
20 
14 Measuring tape is used for the motor branch of the nerve 
to vastus medialis (mNVM) at its branching point to the 
vastus medialis muscle (VM) of the left cadaver thigh 
(Anatomy Laboratory) 
20 
15 The 2 bar graphs who presented the females and males 
ratio of the mNVM distance from the ASIS 
26 
16 The 2 bar graphs of the males and female’s total thigh 
lengths 
28 
17 The scatter plot with correlation between the mNVM 
length and the total length of the thigh 
29 
 
           
  
  xiii 
LIST OF ABBREVIATIONS 
 
AC ................................................................................................................ Adductor Canal 
ACB ..............................................................................................….Adductor Canal Block 
ASIS .................................................................................... …Anterior Superior Iliac Spine 
BMI ……………………………………………………………………...Body Mass Index 
BUSM…………………………………………….Boston University School of Medicine 
CFN……………………………………………………………. …Common Fibular Nerve 
CI…………………………………………………………………. ….Confidence Interval 
Cm/s………………………………………………………………...Centimeter per second 
DF…………………………………………………………………. ….Degree of freedom 
FNB………………………………………………………………….Femoral Nerve Block 
ILGN……………………………………………………. Inferior-Lateral Genicular Nerve 
ILQ…………………………………………………………. ….Inferior-Lateral Quadrant 
IMGN……………………………………………………Inferior-Medial Genicular Nerve 
IMQ……………………………………………………………. .Inferior-Medial Quadrant 
Kg………………………………………………………………………………...Kilogram 
LE………………………………………………………………………. Lower Extremity 
Lt……………………………………………………………………………………. .Left 
L2,3,4………………………………………………………………………... Lumbar2,3,4 
MVIC………………………………………...Maximum Voluntary Isometric Contraction 
m NVM……………………………………Motor branch of the Nerve to Vastus Medialis 
 
  xiv 
Nm/kg……………………………………………Newton meter per kilogram bodyweight 
NVI…………………………………………………………. Nerve to Vastus Intermedius  
NVM…………………………………………………………….Nerve to Vastus Medialis  
n …………………………………………………………………… Number of Population  
P …………………………………………………………………………………… Patella 
POD1………………………………………………………………… Postoperative Day 1 
QMS………………………………………………………….Quadriceps Muscle Strength 
Rt……………………………………………………………………………………. Right 
SD……………………………………………………………………...Standard Deviation 
SFA…………………………………………………………….Superficial Femoral Artery 
SLGN……………………………………………………Superior-lateral Genicular Nerve 
SMGN…………………………………………………. Superior-Medial Genicular Nerve 
SLQ……………………………………………………………. Superior-Lateral Quadrant 
SMQ…………………………………………………………… Superior-Medial Quadrant 
SN………………………………………………………………………. Saphenous Nerve 
s NVM……………………………………sensory branch of the Nerve to Vastus Medialis 
Std…………………………………………………………………………………Standard 
TKA………………………………………………………………Total Knee Arthroplasty 
US………………………………………………………………………. The United States 
VI………………………………………………………………………Vastus Intermedius 
VL…………………………………………………………………………Vastus Lateralis 
VM………………………………………………………………………...Vastus Medialis 
  xv 
VML……………………………………………………………….Vastus Medialis longus 
VMO…………………………………………………………….Vastus Medialis Oblique 
 
 
          
 
 
 1 
 
INTRODUCTION 
 
The sensory innervation to the knee is mainly provided by the femoral nerve, obturator 
nerve, tibial division of the sciatic nerve and common fibular divisions of the sciatic 
nerve. [1] [2] 
Hilton’s law states that a nerve supplying a muscle that extends across and acts on that 
joint, will give branches to the joint and skin overlying the muscle.[3] The knee 
innervation can be divided into four quadrants. The superior medial quadrant (SMQ) is 
mainly supplied by the (1) medial genicular (retinacular) nerve, a branch of nerve to 
vastus intermedius (NVI), and (2) the superiormedial genicular nerve (SMGN), is a 
terminal branch of the femoral nerve. The superior lateral quadrant (SLQ) is mainly 
supplied by the (1) common fibular nerve, (2) superior lateral genicular nerve (SLGN), is 
either from the sciatic nerve or from the common fibular nerve (CFN) and (3) genicular 
branch from the NVI. The inferior lateral quadrant (ILQ) is supplied by the (1) inferior 
lateral genicular nerve (ILGN) branch of the articular branch of the CFN (2) lateral 
genicular branch from the common peroneal nerve, and (3) recurrent fibular branch. The 
inferior medial quadrant (IMQ) is supplied by the (1) inferior medial genicular nerve 
(IMGN) a branch of tibial nerve and (2) infrapatellar branch of the saphenous nerve (SN), 
which emerge from the posterior division of the femoral nerve. [1] [4] [5] Figure 1 [1] 
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Figure 1 Frequency map of the innervation of the anterior knee joint. A, 
Lateral view B, Anterior view. C, Medial view.  
 
 
In the following section, the anatomy of the femoral triangle and adductor canal are 
reviewed. These regions are reviewed because the nerves that supply the knee region 
descend, first through the pelvis and then through the femoral triangle and adductor 
canal.  
The boundaries of the femoral triangle are as follows: (1) superiorly, the base of the 
femoral triangle is formed by the inguinal ligament, which attaches from the anterior 
superior iliac spine to the pubic tubercle, (2) laterally, the femoral triangle is bordered by 
the sartorius muscle (medial border), (3) medially, the femoral triangle is bordered by the 
adductor longus muscle (medial border), (4). The apex of the triangle is formed at the 
intersection of the sartorius and adductor longus muscles. The roof is covered by skin, 
subcutaneous and deep fascia (fascia Lata), and the floor is formed by the pectineus, 
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iliopsoas and adductor longus muscles. The contents of the femoral triangle, from lateral 
to medial, are the femoral nerve, femoral artery, femoral vein and the femoral canal, 
which includes deep inguinal lymph nodes, the femoral sheath is an extension of 
abdominal fascia, passes posterior to the inguinal ligament. The anterior aspect of the 
femoral vessels are covered as extension of fascia transversalis and the posterior aspect of 
femoral vessels by the iliopsoas fascia. [2] [6] [7] Figure 2a, b 
 
  
 
 
Figure 2a, b: 2aThe contents of the femoral triangle including the femoral nerve, 
femoral vessels and deep inguinal lymph nodes. Figure 2b the boundary of the femoral 
triangle medially the medial border of adductor longus, the medial border of sartorius 
laterally, the floor by pectinus and iliopsoas muscles and the apex by the crossing the 
sartorius over adductor longus 
 
Figure 2a Figure 2b 
 4 
The contents of the adductor canal are the continuation of the femoral triangle from its 
apex and include the femoral artery, femoral vein and saphenous nerve, (NVM) runs 
close to the saphenous nerve. These nerves arise from the posterior division of the 
femoral nerve. The adductor canal (AC) also called Hunter’s canal or the sub-sartorial 
canal has anatomical importance in this study as it conveys the sensory branch of the 
nerve to vastus medialis (sNVM). The AC is bordered by the sartorius on the 
anteromedial wall, the vastus medialis on the lateral wall and the adductor longus and 
adductor magnus form the posterior wall of the canal. Figure 3 
 
 
Figure 3 The adductor canal boundary the anteromedial border is the sartorius muscle, 
the lateral border is the vastus medialis muscle, the floor are the adductor longus and 
adductor magnus muscles, it contains the femoral vessels and the saphenous nerve, 
nerve to vastus medialis 
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Knowing the exact location of the AC would help in placing a successful block.  The AC 
is in the middle of the thigh, if the distance is measured from the lateral border of greater 
trochanter to the base of the patella. However, it is in the lower third of the thigh if the 
distance was measured from the anterior superior iliac spine (ASIS) to the base of the 
patella. [8] [9] This measurement has its clinical significance in detecting the location of 
the AC during the nerve block procedures for postoperative analgesia in total knee 
surgery.[10] Figure 4a, b  
 
Figure 4 a, b the solid line drawn between the anterior superior iliac spine and the 
base of the patella is helpful in detecting the adductor canal site. a is the anterior 
view, b is the lateral view of the thigh 
 
There are other nerves that have a role in knee sensation; these nerves course deep to the 
sartorius and above the vastoadductor membrane and is called subsartorial nerve plexus. 
The subsartorial nerve plexus is made of the medial femoral cutaneous nerve of the thigh, 
4a 4b 
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cutaneous branch of the anterior division of the obturator nerve and a branch from the 
SN. [11] [12] The NVM and SN are separated from the sub-sartorial nerve plexus by a 
tough aponeurosis called vastoadductor membrane. The SN (infrapatellar branches), 
NVM and nerve to vastus intermedius (medial genicular branch) the SMGN, IMGN 
together with the subsartorial nerve plexus constitute the nerve supply to the medial side 
of the knee.[12] 
The femoral vessels and the SN enter the anterior foramen of the vastoadductor 
membrane which becomes the fibrous roof of the canal. Finally, the femoral vessels leave 
the canal by passing through the adductor hiatus, an opening made by the adductor 
magnus muscle.[2] [6] Figure 5  
 
Figure 5: The vastoadductor membrane (fibrous roof) and the 
subsartorial nerve plexus are separated from the adductor canal with 
its contents (the femoral vessels, the saphenous nerve and the nerve 
to vastus medialis) 
 
The femoral nerve originates from the posterior division of the lumbar nerve roots L2, 3, 
4. It is considered the largest branch of the lumbar plexus. After it emerges from the 
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psoas major muscle, it descends posterolaterally through the pelvis and passes deep to the 
inguinal ligament to enter the anterior thigh.  In the anterior thigh, the femoral nerve runs 
lateral to the femoral vessels within the femoral triangle and divides into two divisions. 
The anterior division gives the middle cutaneous, medial cutaneous and muscular branch 
to the sartorius. The posterior division gives rise to muscular branches to the four heads 
of the quadriceps muscle the rectus femoris, vastus laterais (VL), vastus intermedius (VI), 
vastus medialis (VM), articular branches to the hip and knee, and the SN. The SN 
(terminal cutaneous branch of the femoral nerve) descends through the femoral triangle, 
lateral to the femoral sheath. The SN provides sensory innervation to the medial aspect of 
the leg and foot.[2] [4] [13] Figure 6, figure 7 [4] 
 
 
        Figure 6, 7 The femoral nerve and its divisions including articular branches,  
Figure 6 Figure 7 
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The nerve to vastus medialis: 
The nerve to vastus medialis gives a motor branch to the vastus medialis muscle. Figure 
8. [4] 
 
Figure 8 The branch point of nerve to vastus medialis and its motor branch 
to the vastus medialis (mNVM), sensory branch (sNVM) runs with the 
saphenous nerve in the adductor canal 
 
The vastus medialis muscle, one of the four quadriceps muscle, originates from the 
intertrochanteric line and medial lip of linea aspera of the femur and inserts into the 
quadriceps tendon to base of patella and the tibial tuberosity.[2] The VM muscle is 
anatomically one muscle but functionally is divided into two parts.  The upper part is the 
vastus medialis longus (VML) [14] and the lower part is vastus medialis oblique (VMO). 
[15] The VML is formed from longitudinal fibers, that contributes to knee extension. The 
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VMO has fibers are directed obliquely; it stabilizes the knee and helps in the last 15 
degrees of knee extension. [15] Figure 9, Figure 10.[16] 
 
Figure 9 The vastus medialis which is the red part in the drawing is 
considered a part of the quadriceps muscle group 
 
 
 
 
Figure 10:  Vastus medialis location and its two functional parts, the yellow 
arrow indicate the nerve to vastus medialis branches is supplying the VML and 
the red one is supplying the VMO, P is the patella. 
Medial 
distal 
Lateral 
Proximal 
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Clinical Relevance:  
Knee joint surgeries are generally painful. Total knee arthroplasty (TKA) is especially 
painful due to removal of the femoral and tibial condyles and the replacement with 
protheses. [17] Figure 11.  
 
 
Figure 11 The osteoarthritic knee before where the articular cartilage is 
destroyed and after with the prothesis of the total knee joint replacement  
 
Multimodal analgesia is used for postoperative pain control.  Good postoperative pain 
control after TKA is important for early rehabilitation and improving the patient’s overall 
surgical experience.  Nerve blocks are used to provide analgesia following knee surgery 
as an alternative to systemic opioids. Systemic opioid medications have side effects such 
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as nausea, vomiting, sedation, pruritis, ileus, respiratory depression and addiction. Side 
effects can delay early mobility and rehabilitation. Nerve blocks are an effective method 
of pain relief, in general, and specifically following knee surgery. Studies have shown 
that, peripheral nerve blocks have reduced systemic opioid use and their associated side 
effects. The nerve block also helps in early rehabilitation and tolerance of physical 
therapy. [18] [19] 
Femoral nerve block (FNB) has been successfully used to reduce post-operative pain and 
decrease length of the hospital stay in patients following total knee arthroplasty (TKA), 
especially if combined with continuous sciatic nerve block. [20] However, FNB has been 
reported to induce quadriceps muscle weakness, delay early ambulation and 
rehabilitation. [21] It also increases the incidence of falls. [22] [23] [24] Falls are major 
health issues that can lead to fractures, disability and mortality. [25] In a large-scale 
study, the incidence of in-patient falls following total joint replacement (1,088,002) was 
1.3%, with no association related to gender. [26] A relationship between FNB and falls 
was found by Feibel et al [27] 2009They reported a 0.7% fall rate in a series of 1190 
TKA patients following FNB; 6 patients fell (7 falls) following FNB versus no patient 
fall in the control group, those who received saline. This suggested that there is a causal 
relationship between the continuous peripheral nerve block affecting quadriceps muscle 
strength and the risk of falling after knee arthroplasty. [22] 
In a cross-sectional study of 1028 participant, aged 60 years and above, were analyzed in 
relation to demographic characteristics (age, sex, physical activity, life style and presence 
of medical conditions). Occurrence of falls and the time of falls was confirmed by 
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interview and self-reported data.  The exclusion criteria were history of stroke, 
inflammatory or noninflammatory musculoskeletal disorders, such as advanced 
osteoarthritis, peripheral neuropathy, or the presence of comorbidities as congestive heart 
failure. Subjects 60 years and older, with low quadriceps muscle strength (QMS), 
revealed an increased incidence of falls. The QMS was measured by dynamometer 
between the participants as high QMS ≥ 30 kg, moderate QMS (15-30 kg) and low QMS 
<15 kg. The prevalence of subjects with moderate to low QMS were compared to those 
with high QMS.[23] The result of this study showed a significant negative correlation 
between the QMS and the incidence of falls, specifically the higher the QMS the lower 
the incidence of falls. The prevalence of falls increased from 9.3% in subjects with high 
QMS to 23.5% in subjects with low QMS.[23]   
Another study revealed significant difference between the 2 groups in relation to QMS. 
The subjects were 25 elderly females aged 75.3 ± 3.4 years were living in nursing home. 
Exclusion criteria were, severe dementia, physically unstable, osteoarthritis. The 
measurement of quadriceps muscle strength by using isometric contraction dynamometer 
of the knee extension and was measured by percentage of body weight (Nm/kg). The 
subjects who had history of fall (fall group) were 12 subjects having decreased QMS and 
the others without history of fall (non-fall group) (13 subjects) having normal QMS. 
Quadriceps strength of the fall group was significantly less than of the non- fall group 
(1.08±0.3 Nm/kg vs. 1.48±0.21 Nm/kg). The authors describe extrinsic risk factor of fall, 
such as slippery floor, inadequate lighting and intrinsic risk factors such as quadriceps 
muscle weakness. The authors, however, concentrate and measure the intrinsic factors 
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such as quadriceps strength and balance.  Balance was measured by the functional reach 
test; this test measures how far the patient can move his/her central gravity forward 
without taking a step. The second test, the postural sway test, uses a platform at the center 
of a foot pressure recorder (device designed to measure foot pressure in certain positions) 
for 20 seconds in 2 stances (first the parallel stance when both feet are beside each other; 
the second is the semi- tandem stance where the heel of one foot is placed to the side of 
the big toe of the other foot). The data reveal that the mean age for fall group was 75.6 
years, nonfall group was 75.1 years. The mean body weight for fall vs. nonfall were 56.2 
kg and 52.8 kg, respectively. The 2-sample t-test indicated no significant difference 
between the two groups in both balance tests, however, the quadriceps strength of the fall 
group was significantly less than of the non- fall group (1.08±0.3 Nm/kg vs. 1.48±0.21 
Nm/kg). These results suggest that the quadriceps muscle strength, rather than the 
balance, may be an important intrinsic factor contributing to fall among elderly people.  
Further, Ikoez et al. [24] suggests that decreased quadriceps muscle strength is a 
significant and consistent risk factor for falls among elderly individual living in long term 
care facilities. The authors suggest that by improving the quadriceps muscle strength, the 
fall risk may be decreased. [24] 
 A prospective study had discovered that the QMS was used as predictor for the incident 
falls among elderly. The study, a double-blind randomized placebo-controlled trial, 
involved 2258 aged subjects (70-92 years) who were at high risk of hip fracture. These 
subjects were randomly assigned to receive either single oral dose of cholecalciferol 
500,000IU or matched placebo each year from 2003 to 2008. Only 135 female volunteers 
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aged 76.7 ±5 years completed the baseline assessment like hight, weight and body mass 
index (BMI) in Kg/m2. The quadriceps muscle strength was measured by manual muscle 
testing system with the subject in supine position and the tester measure the resistance 
applied on the quadriceps against the downward force on three trials. The gait speed test 
(cm/s) was tested by the Electronic Walkway System in which the volunteer must walk 
along the length of the walkway at a self-selected pace. The subjects must report incident 
falls daily in a postcard calendars and report it monthly for 3-5 years. Falls were defined 
as a person inadvertently coming to rest on the ground with or without loss of 
consciousness or injury. The results showed there is no difference between the faller and  
nonfaller groups as regard age, 25 hydroxyvitamin D level and anthropometric 
measurements. Gait speed was slightly lower among the fall group, whereas quadriceps 
was significantly lower in the subjects who had fallen compared to subject who had not 
fallen. [28]   
Adductor canal block (ACB) has largely replaced the femoral nerve block (FNB) because 
it produces less quadriceps muscle weakness, and fewer falls. [29] 
The adductor canal block entails blocking of the saphenous nerve and NVM (sNVM) 
together with the sub-sartorial nerve plexus. [30] Adductor canal block provided good 
analgesia with less motor nerve block, so it has less quadriceps muscle weakness than the 
FNB.[21] [29] [31] [32]  Studies have shown that the adductor canal is not only a conduit 
for the saphenous nerve, but also, for the NVM with its sensory and motor fibers in 
addition to the subsartoial nerve plexus.  [11] [30] [33] [34] 
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Performing an adductor canal block, while sparing its motor branch to the VM muscle 
(mNVM), would provide postoperative analgesia while decreasing, the likelihood of 
motor weakness. A study by Jaeger et al, on healthy volunteers has revealed that, there 
was a significant difference following femoral nerve block (FNB) vs ACB.  With an 
FNB, the quadriceps weakness incidence was 49% from baseline compared to the 8% 
quadriceps muscle weakness in ACB. Additionally, this finding suggests that the ACB 
mainly anesthetizes sensory fibers. In this study, the authors had selected twelve healthy 
young men volunteers (body mass index of 18-25; 18-30 years) into double blinded 
placebo-controlled randomized crossover study. Exclusion criteria were intense exercise 
24 h before the tests, consumption of opioids within the last 4 weeks, pathology or 
previous surgery in the lower limbs. Each subject was given ACB in one limb and the 
FNB in the other limb, with one limb receiving the local anesthetic (ropivacaine) and the 
other, a placebo (isotonic saline). Then, the procedure was reversed the next day 
(crossover). Muscle strength was measured by handheld dynamometer, which detect the 
maximum voluntary isometric contraction of the quadriceps muscles. [21] 
Adductor canal block has also been shown to reduce pain and morphine use in post-
operative TKA patients compared to the placebo group. The study was prospective 
randomized double-blind placebo-controlled.  
There were 71 patients scheduled for Primary TKA under spinal anesthesia with age 
ranging from 50-85 years and body mass index (BMI) between 18-35. The exclusion 
criteria were inability to cooperate, to speak or understand Danish, allergy to any drug 
used in the study. The patients received a continuous ACB with intermittent boluses 
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using a catheter with ropivacaine 0.75% (n= 34) or placebo (saline) (n= 37). Findings 
reveal that morphine use from 0 to 24 hours was significantly reduced in ropivacaine 
group in comparison to placebo group. [35] [31] For that reason, block of the branches of 
the femoral nerve in adductor canal has largely replaced the femoral nerve block.[21] 
[29] [31] [32]    
Although, the ACB was described as an alternative to FNB to reduce post-operative knee 
extension weakness, block to motor branches of the quadriceps has been reported 
following ACB.[36]  
A case report of a 65-year-old female who received an ACB for postoperative analgesia 
following knee surgery revealed the patient was unable to extend her knee and was 
unable to walk for 20 hours, despite being provided with an assistive device. 
Additionally, she experienced loss of sensation along the medial thigh, anterior knee 
region and anteromedial lower leg, which persisted for 48 hours. Thus, further 
understanding the course of the nerve through the canal and branch point may help to 
avoid quadriceps muscle weakness associated with ACB. [36]    
 The goal of this study was to better understand the branch point of the motor branch of 
the nerve to vastus medialis in relation to the patella to avoid blocking the motor branch 
during (ACB).  An enhanced understanding of the anatomy of the mNVM may contribute 
to post-operative analgesia techniques that minimize quadriceps muscle weakness 
following surgeries such as TKA; thus, this may lead to earlier ambulation and 
rehabilitation. 
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 Hypothesis: the motor branch of the nerve to vastus medialis emerges well above the 
adductor canal. 
 
 
Aim of the study: 
The aim of this study was to quantify the exit point of the mNVM from the femoral nerve 
and, further, to quantitatively relate the location of this branch point to other bony LE 
landmarks (ASIS, patella). Further, we aimed to develop a straight-forward measurement 
that clinicians could utilize to identify the optimal ACB injection site and thus, data from 
this study may assists clinicians in avoiding this nerve during ACB. 
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METHODS  
  
Anatomical donors, obtained through generous donation to the Anatomical Gift Program 
at Boston University School of Medicine (BUSM), were used in this study. Dissection of 
the mNVM was performed in 22 body donors (44 lower limbs), nine males and thirteen 
females. One donor was excluded from the study because he had bilateral lower limbs 
flexion deformity. Before the dissection, the thigh length, from the anterior superior iliac 
spine (ASIS) to the base of the patella was measured using a measuring tape (Primary 
End Point). The dissection of the skin of the thigh was performed in order to expose the 
superficial and the deep fascia of the thigh. Then, the femoral triangle was dissected, and 
the femoral nerve identified. Then, the main divisions of the femoral nerve were 
identified and followed until the posterior division was found, during which the sartorius 
muscle was dissected, cut, and reflected in order to visualize the contents of the adductor 
canal. At this point the saphenous nerve (terminal sensory branch of femoral nerve) was 
identified (lateral to the femoral artery) and accompanied with the NVM, which provide 
motor branches to vastus medialis muscle. Additionally, the distance from the exit point 
of the mNVM to the base of the patella was measured. Then, the ratio between the two 
distances was calculated to provide an estimate of the mNVM branch point. (Secondary 
End Point)  
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1-Measuring the distance in relation to the whole length of the thigh from the anterior 
superior iliac spine (ASIS) to the base of the patella. Figure 12 (Anatomy Lab) 
 
 
 
 
Figure 12 The distance between the anterior superior iliac spine (ASIS) and the 
base of the patella in the right thigh of the cadaver using a measuring tap 
(Anatomy Laboratory)                         
 
 
2- Identification of the Motor Branch of the NVM Muscle: 
NVM was identified emerging from the posterior division of the femoral nerve.  Its 
muscular branch to theVM muscle was identified and followed to the VM. [16] Figure 
13 (Anatomy Laboratory) 
Rt ASIS 
Rt Base of patella 
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Figure 13 Motor Branch of the NVM (mNVM) at its branching 
point to the vastus medialis muscle (VM) of the left thigh of the 
cadaver. (Anatomy Laboratory) 
 
3-Measuring the distance of the branching point of the motor branch of NVM from the 
base of the patella. Figure 14 (Anatomy Lab). 
 
 
Figure 14 Measuring tape is used for the motor branch of the nerve to 
vastus medialis (mNVM) at its branching point to the vastus medialis 
muscle (VM) of the left thigh of the cadaver (Anatomy Laboratory) 
Medial 
Lateral 
Distal Proximal 
mNVM 
VM 
Lateral 
Proximal 
Distal 
Base of the Patella 
VM 
mNVM 
Medial 
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     Statistical Analyses: 
 
1- The mean ± SD of the thigh length in the 44 lower limbs was 43 cm ± 2.9cm. 
The mNVM exited the posterior division of the femoral nerve 19.2 cm ± 1.90 
cm superior to the base of the patella. The branching point of the mNVM from 
the posterior division of the femoral nerve was 0.56 ± 0.04 of the distance 
from the ASIS to the patella base. Table 1 
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Table 1 The data of the 44 limbs together (males, females), measure of the mean, 
standard deviation, the ratio of the Right, left mNVM length to the total length of the 
cadaver thighs 
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Table 2 The data of the 18 limbs (males), measure of the mean, standard 
deviation, the ratio of the Right, left mNVM length to the total length of 
the cadaver thighs 
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Table 3 The data of the 26 limbs together (females), measure of the mean, 
standard deviation, the ratio of the Right, left mNVM length to the total 
length of the cadaver thighs 
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2- The One-Way Anova revealed no significant difference between male and 
female body donors in the ratio of the branching  point of the mNVM relative 
to the length of the thigh.  Tables 4,5 and 6,7 Figures 15,16 
 
 
 
        One-Way Anova Ratio Between Group: 
 
 
                                         Descriptive       
Rf2   
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Lower 
Bound 
Upper 
Bound 
Male 18 .5556 .04090 .00964 .5352 .5759 .49 .64 
female 26 .5654 .04130 .00810 .5487 .5821 .48 .63 
Total 44 .5614 .04095 .00617 .5489 .5738 .48 .64 
 
Table 4The Descriptive statistics of the ratio of the Length of mNVM from the 
ASIS between males, females 
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Table 5 The One-Way Anova of the ratio of the Length of mNVM from 
Anterior superior iliac spine between males, females 
ANOVA 
Rf2   
 
 
 
Sum of 
Squares df Mean Square F Sig. 
Between 
Groups 
.001 1 .001 .607 .440 
Within 
Groups 
.071 42 .002 
  
Total .072 43    
Figure 15 The 2 bar graphs who presented the females and 
males ratio of the mNVM distance from the ASIS 
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     One-way Anova Ratio Between Group: 
Table 6 Descriptive statistics of the thigh length between 
males and females 
 
 
 
 
 
Table 7 The One Way Anova of the thigh length between males 
and females   
 
 
 
 
Descriptives 
Rf2   
 N Mean Std. Deviation Std. Error 
95% Confidence Interval for Mean 
Minimum Maximum Lower Bound Upper Bound 
Ma’e 18 .5556 .04090 .00964 .5352 .5759 .49 .64 
fema;e 26 .5654 .04130 .00810 .5487 .5821 .48 .63 
Total 44 .5614 .04095 .00617 .5489 .5738 .48 .64 
 
ANOVA 
Rf2   
 Sum of Squares df Mean Square F Sig. 
Between Groups .001 1 .001 .607 .440 
Within Groups .071 42 .002   
Total .072 43    
 
 28 
 
 
 
 
 
     3-Pearson correlation was performed in order to examine the relationship between 
 the distance of mNVM from the base of the patella to the total length of the thigh in the 
44 limbs. This relationship was significant with P = 0. 003.Figure 17, Tables 8,9,10 
 
 
 
 
Figure 16  2 Bars graphs of males and female’s total thigh length 
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                              Correlation Between mNVM, Thigh lengths 
 
Table 8: comparing the mean and standard deviation of both Rt, Lt whole length 
of the thigh and Rt, Lt mNVM length from base of patella 
 
Rt=Lt Thigh   Rt=Lt mNVM   
 
 
  
Mean 43.34090909 Mean 19.20454545 
Standard Deviation 2.900682857 Standard Deviation 1.949719705 
   
 
 
Figure 17 The scatter plot with correlation between the mNVM length and the 
total length of the thigh 
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Table 9 The Descriptive statistics between the total length of the thigh 
and the length of mNVM from base of patella on both sides  
 
Descriptive Statistics 
 Mean Std. Deviation N 
VAR00001 43.3409 2.86676 44 
VAR00002 19.2045 1.92692 44 
 
Table 10 The correlation between the total length of the thigh and the length of 
mNVM from base of patella on both sides 
Correlations 
 VAR00001 VAR00002 
VAR000
01 
Pearson Correlation 1 .444** 
Sig. (2-tailed)  .003 
N 44 44 
VAR000
02 
Pearson Correlation .444** 1 
Sig. (2-tailed) .003  
N 44 44 
**. Correlation is significant at the 0.01 level (2-tailed). 
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RESULTS 
 
1- The ratio of mNVM distance from the ASIS between males and females was 
not statistically significant. P = 0.44 (Figure 15) 
2- There is significant difference between the thigh lengths of male and females 
with P = 0.003 given that males are, on average, taller than females. However, 
when the ratio of the distance of the branching point of the mNVM to the 
total length of the thigh was calculated, no sex difference was identified. 
(Figure 16) 
3- There is positive correlation between the length of the mNVM and the total 
length of the thigh p = 0.003 (Figure 17) 
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DISCUSSION 
 
There is an increased need for the use of non-opioid postoperative pain management 
modality nowadays. Nerve blocks are a good alternative as they provide good quality of 
pain relief that can replace or reduce the amount of opioid use. [37] However, many 
nerves contain both sensory and motor fibers and, blocking the motor fibers is not 
desirable, particularly following surgery that requires early ambulation and mobilization, 
such as TKA.[38]  Thus, despite the clinically beneficial analgesia provided by FNB 
following knee surgery, this block caused significant quadriceps muscle weakness; 
weakness that can be linked to increased fall risk after surgery.[38]   
In the past decade ACB has been used successfully to provide similar analgesia for 
postoperative pain management of knee surgeries, with less quadriceps muscle 
weakness.[29] [39] Although the ACB preserved quadriceps function compared to FNB, 
several reports of varying degrees of quadriceps muscle weakness following ACB have 
been published.[36] [40] [41]  The nerve that has significant motor effect runs close to 
the adductor is the NVM.  It travels alongside the saphenous nerve in the thigh until it 
enters the VM, where it provides motor supply of the muscle. It is not known if the 
incidence of the quadriceps weakness that occurs with the adductor canal block is from 
blocking the nerve to vastus medialis or due to proximal spread of the local anesthetics to 
the femoral nerve.  For that reason, controversy exists as to the optimal level of the thigh 
at which to perform the ACB. 
The current study found that mNVM at its branching point from the nerve is about 0.56 ± 
0.04 of the distance from the ASIS to the patellar base with a mean of 19.2 ± 1.90 cm 
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superior to the base of the patella.  According to this study midthigh adductor canal 
injection will invariably block the mNVM, which may contribute to the weakness of the 
quadriceps muscle. There are studies that has used the distal injection of the adductor 
canal, in the lower third of the thigh, with no resultant weakness. Saranteas et al. [42] 
injected 10 ml of 1.5% lidocaine in the AC before the femoral vessels exited the adductor 
hiatus into the popliteal fossa. Although sensory block was achieved, no effect on muscle 
strength was identified. 
 Developing methods to provide pain relief with minimal motor nerve block necessitates 
better understanding of the anatomy of the nerves supplying the knee. There are Studies, 
that tried to quantify the amount of muscle power loss in relation to the ACB, A small 
study of 11 volunteers found that the decrease of the maximum voluntary isometric 
contraction (MVIC) of the quadriceps strength after adductor canal block was 8% 
compared to 49% in the femoral nerve block using hand held dynamometer. The adductor 
canal nerve block performed midway between the inguinal ligament and the patella, 
using 30 ml of 0.1% Ropivacaine. Although this study has showed only 8% decrease of 
the motor power, the local anesthetic concentrations used was too low to produce 
significant motor block.[21]   
Mariano et al. [41] reported a 67% motor weakness of the patients. Following midthigh 
ACB, the motor assessment was performed by voluntary leg extension against resistance 
with the patient in the supine position and the hip passively flexed (0, no change from 
baseline; 1, diminished active contraction; 2, no active contraction) by a blinded research 
assistant every 3 minutes for up to 30 minutes, with a score of 2 considered a complete 
 34 
motor block.  He reported 9 partial and 7 complete motor blocks after the bolus injection 
of the higher concentration of local anesthetic - a Bolus- of 15 mL 2% mepivacaine with 
epinephrine. In addition, 46% could not do the straight leg raising on postoperative day 
1(POD1) after receiving continuous perineural 0.2 %of Ropivacaine infusion. Jaeger, et 
al. [31] reported decreased quadriceps strength from baseline of 52% when used 30 ml of 
Ropivaine 0.5% as a bolus that was followed by a continuous infusion of 0.2% 
ropivacaine. 
On the other hand, there are studies that did not find loss of quadriceps strength after 
performing an ACB. Kwofie et al. [29] studied 16 healthy volunteers received either 
femoral or adductor canal block on the two lower limbs and then, muscle strength was 
assessed using a handheld dynamometer. They injected 15 ml of 3% chlorprocaine, in the 
AC at the midpoint between the inguinal crease and the medial condyle of the femur. 
Success of the block was confirmed as by decreased or absent sensation at the medial 
calf. Motor Assessments was done using MVIC of knee extension was assessed using an 
electronic dynamometer. Baseline measurements were taken and compared with 
assessments at 30 and 60 minutes after the block in order to calculate a percentage of 
force preserved relative to baseline and fall-risk was also assessed. MVIC of knee 
extension was preserved with ACB compared with FNB at 30 minutes (95.1% ± 17.1% 
vs 11.1% ± 14.0%, respectively; P < 0.0001) and at 60 minutes (98.8% ± 15.5% vs 
41.2% ± 34.3%, respectively; P < 0.0001). There was no increased risk of falls in 
volunteers who received an ACB, whereas it was significantly increased in volunteers 
who received an FNB (56 ± 0 vs 37 ± 17.2; P = 0.02). 
 35 
Johnston et al. [43] used the distal approach as defined by the ultrasonographic finding of 
the distal genicular artery as a sign of the transition of the femoral artery to the popliteal 
artery and then, he moved up 2 cm and placed the nerve block. He found that none of the 
patients developed motor weakness of the quadriceps with a 30 ml injection (Ropivacaine 
0.5%). A much larger volume of 46.5 ml was needed to produce at least 30% decrease in 
quadriceps motor power; this occurred in 50% of subjects. According to this study the 
injection point was in the lower third of the thigh, approximately 14-15cm above the base 
of patella. Comparing to our results this is approximately 4 cm below the mean distance 
of the NVM the branching point from the nerve to the base of the patella (19.2 ± 1.9 cm). 
The lack of motor weakness in the Johnston study with the 30 ml volume may be related 
to the avoidance of blocking the mNVM and the farther the distance the local anesthetic 
needs to travel cephalad to block the femoral nerve.   
Kapoor et al. [44], in a cadaveric study, used the distance from the adductor tubercle to 
the saphenous nerve (SN) just after it crossed medially over the superficial femoral artery 
(SFA) and the distance from the adductor tubercle to the most distal visible branch of the 
NVM. He found 72.5% of the 40 lower extremities examined, that the distal most branch 
of the NVM innervated the VM more proximal to the site where the SN crosses over the 
superficial femoral artery to become medial to the vessel. On average, the SN, as it 
crossed medially over the SFA, was found 14.9 ± 3.7 cm proximal to the adductor 
tubercle. The most distal visible branch of the NVM entered the VM was approximately 
16.7 ± 3.4 cm proximal to the adductor tubercle.  
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On the other hand, Manickam et al [45] identified the SN anteromedially to the SFA at 12 
cm proximal to the knee crease using the ultrasound. 
 
Limitations of the study: 
The limitation of this study is its lack of clinical correlation. Clinically correlating these 
findings with a landmark and/or US technique may help to establish a region where 
clinicians can more reliably perform an ACB that avoids simultaneous anesthetizing the 
mNVM. This may allow earlier post- operative ambulation. These relationships will 
require clinical evaluation to determine their clinical relevance. 
 
Conclusion:  
The mNVM emerges from the posterior division of the femoral nerve at 0.56 ± 0.04 of 
the thigh lengths, as measured from the ASIS to the base of the patella. This finding 
provides clinicians with a practical and useful guide for determining the injection point 
for an adductor canal nerve block, a procedure utilized for postoperative analgesia 
following total knee arthroplasty. Protecting the mNVM during the block will avoid 
weakening the vastus medialis muscle and may result in greater patient participation in 
postoperative physical therapy, safer gait and may reduce the risk of falls. 
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